Derivation of Hamaker dispersion energy of amorphous carbon surfaces
in contact with liquids using photoelectron energy-loss spectra (XPS-PEELS) where the energy loss function (ELF) < Im[-1/(q, )] > q is a weighted average over allowed transferred wave vector values, q, given by the physics of bulk plasmon excitation.
For microcrystalline diamond and amorphous carbon films with wide range of (sp The Lifshitz equation for van der Waals (vdW) interaction energy per unit area as a function of separation distance, L, between parallel planar half-spaces 1 and 2 separated by intervening medium 3, is given by:
where A 
where B k is the Boltzmann constant The prime symbol indicates that the zero-frequency term of the interaction has to be multiplied by 1/2. The quantities * jk  and jk  for the spontaneous electromagnetic fluctuations (Transverse Magnetic and Transverse Electric modes, respectively) at frequency ξ are given by
where the continuum dielectric response functions,
, are evaluated at imaginary frequencies with 
where E 0 is the initial kinetic energy of the photoelectron, a 0 is the Bohr radius, and q is the wave vector transferred from the electron:
are q vector limits imposed by energy and momentum conservation during inelastic scattering. In addition, a cutoff wave vector transfer, C q , is introduced to account for plasmon decay to single
It is emphasized that the ELF distribution obtained in PEELS analysis is normalized using the KK relationship near T → 0 :
Hence, analysis of spectroscopic ellipsometry data with a suitable Tauc-Lorentz parameterization of the dielectric function of amorphous semiconductors [33] is useful to obtain the refractive index extrapolated to 0 eV, n(0), which is needed in the inversion algorithm. Furthermore, the effective number of electrons per atom, N EFF , involved in the dielectric function is determined applying the Bethe sum rule [25, 34]: 
has to be obtained.
One possibility (used in Method B, as detailed below) is to consider that CL W can be taken as the geometric mean of the work of cohesion of the solid ( 
Since a non-polar liquid with only dispersive surface free energy interacts with only the dispersion component ( 
Within this multicomponent model of surface tension, at least two polar liquids are needed to obtain
values. In order to describe the Lewis acid-base properties, carefully selected dispersive and polar liquids should be used in order to obtain intrinsic consistency and well-behaved data for fitting the polar work of adhesion. [21, 39] In this work, DIM is used as nonpolar liquid because of its high surface tension ( 
The experimental contact angle of a dispersive liquid given by values, with expected validity over a wide range of disordered carbon-based materials.
Results
As Fig. 1.a) have been derived from XPS-PEELS spectra ( Supplementary Information,   Fig. S1 ) for the four amorphous carbon films. As shown in detail in our previous work [25], the  plasmon peak energy increases in the series PL a-C:H (24 eV) < SP a-C:H (26.5 eV) < SP a-C (28 eV) < PLD a-C (31 eV) and reaches 34.5 eV in mc-diamond ( Table 1) . The corresponding imaginary part of the dielectric function ( Fig. 1.b This set of very different disordered carbon-based materials is thus useful to examine some general trends in calculated Hamaker energies and in distance or wave number cutoff parameters.
Hamaker energies
The KK transform of the imaginary part of the dielectric function (Eqn. 4) provides the London dispersion spectrum which is a real function, monotonically decaying from ) 0 (
as frequency increases (Fig. 2b) . Its strength is thus dependent on the normalization of PEELS data (Eqn. 8) performed using optical measurements in the near-infrared range (in this work, spectroscopic ellipsometry data near 1 eV).
Herein, for liquid water and diiodomethane, the London dispersion spectrum (Fig. 2a) Supplementary Information, Fig. S2 ). Integrated values of Hamaker energies are reported in Table 2 for the CVC, CWC and CDC configurations for all disordered carbon films. Convergence of the sum is obtained for a high energy limit of the order of 100 eV. As expected from (Fig. 4) .
Cutoff distance and wavenumber parameters
The 
Discussion
In this section, calculated Hamaker energy values are discussed in terms of their spectral weight, without considering retardation effects since all calculations were performed in the nonretarded regime, at separation distance L = 0.5 nm. The potential role of the q-dependence of the ELF and dielectric function (q,) is addressed and compared with previous works. Finally, the cutoff distances and cutoff wave numbers, derived from experimental contact angles and calculated
Hamaker energy values, will be discussed for predictive purposes.
Hamaker interaction strength
In this XPS-PEELS study, kinetic energy losses of C1s photoelectrons have been obtained over a 50 eV range and the ELF was extrapolated beyond 100 eV; negligible differences in the dielectric function have been found for power-law extrapolation of the ELF as E Fig. 3c) . This result clearly illustrates the screening effect of the intervening medium on CLC A values.
Rather than considering spectrally integrated values, this work focuses on detailed information derived from the spectral weight of partial Hamaker energies. Fig. 3 shows that CLC A (E) is shifted towards higher energies as the London dispersion function of the intervening liquid gets stronger.
With water, the maximum generally occurs in the near IR-visible range (Fig. 3.b) , while with DIM, the shape of the spectral response depends strongly on the dielectric function of the carbon film (Fig. 3.c) : the maximum is found in the near IR range for sp 2 -rich a-C, while for hydrogenated a-C:H films, sp 3 -rich ta-C and mc-diamond, it is located in the UV-EUV range (E > 5 eV). However, due to equidistant energies used in the spectral summation (Eqn. 2), the integrated Hamaker energy is strongly dominated by the dispersive interactions in the UV and EUV range (10-120 eV).
The above results may have a broad impact in self-assembly of nanoparticles or tribological applications. In the case of water, CWC A > WVW A holds for all investigated carbon films because water has a small Hamaker energy, WVW A = 0.242 eV ( Table 2 ). In contrast, since DIM displays high Hamaker energy, DVD A = 0.449 eV, we find three amorphous carbon samples (sputtered a-C:H, sputtered a-C and plasma a-C:H) with opposite behaviour, i.e. CDC A < DVD A which means that the energetically favourable situation (at equilibrium) is an air-gap configuration between liquid coated solid surfaces (DVD) rather than a bridging DIM liquid configuration (CDC).
q-averaged dielectric function <(q,)> q
It is emphasized that calculation of Hamaker energy based on a q-averaged <(q,)> q dielectric function, as obtained from XPS-PEELS analysis of the solid surface, slightly modifies * jk  and jk  values (Eqn. 3) obtained for disordered carbons and usual liquids. Since the plasmon energy ) (q E P of the solid is displaced to higher energy values as compared with the plasma oscillation in the optical limit, ) 0 (  q E P , partial Hamaker components are decreased at energies
and increased at higher energies. The overall Hamaker energy is weakly affected but some stronger retardation effects are expected.
To estimate the effect of the transferred wave vector in (q,) on calculated 132 A values, a semi-quantitative evaluation should take into account: (i) the (1/q) weighting factor (Eqn. 6) given by the physics of bulk plasmon excitation, (ii) the cutoff wave vector, C q , due to plasmon decay into single-particle excitations, e.g. for amorphous carbon, C q ≈ 15 nm and the typical q D value estimated for a-C, one obtains some weak contributions to the ELF displaced to higher energies, by an amount up to
Prediction of losses in microcrystalline diamond is much more complex due to anisotropy of plasmon excitation and ) (q E P dispersion [44] and to the textured crystalline orientation typically observed in mc-diamond thin films [24] . However, comparison between spectral weights of Hamaker energies obtained from our q-averaged <(q,)> q and that derived from optical data (q=0,) [45] indicates that the decreased interaction below ) 0 (  q E P ≈ 34 eV is nearly compensated by the increased interaction above ) 0 (  q E P ( Supplementary Information, Fig. S3 ).
In the context of van der Waals energy computations, previous derivation of the dielectric function over a very broad energy range has been performed either by vacuum ultraviolet spectroscopy (q = 0, optical limit) [46] or by EELS at low loss energy, also called VEELS for For the selected amorphous carbon surfaces reported in (Fig. 6b) ; this result confirms the conventional view that the equilibrium distance should reflect an average interatomic distance. Overall, this work indicates that the cutoff distance value is not unique for different allotropes of the same condensed phase material.
Cutoff distance and cutoff wave number

Predictive relationships
The linear correlation between Hamaker energy CVC A at room-temperature and real dielectric function in the IR range, ) 0 (
, shown in Fig. 6 , can be used for predictive purposes:
However, the sp 2 -rich hydrogen-free (sputtered) a-C film appears to depart from the regression line in Fig. 6 , and deserves additional comment. As discussed in our previous work Table 2) , for disordered carbons can be tentatively used in first approximation.
Conclusion
This work shows that q-averaged <(q,)> q dielectric functions derived from experimental energy losses of photoelectrons (XPS-PEELS) can be used to calculate non-retarded and retarded 
